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TITLE OF THE INVENTION 

SEMICONDUCTOR MEMORY DEVICE AND TEST METHOD 

BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor memory 

device and^a test method thereof. The present invention relates 

mainly to a techniqueief f ective to Jac u--ead f a dynamic random 

access memory devi ce ^ meaaat i n g an ECC circuit ^ and A a test 

facilitation technique thereof. 

Japanese Unexamined Patent Publication No . Hei 

11 (1999) -025689 fe disclose^ as an example of a semiconductor 

/V 

memory device test method and a semiconductor memory device 
^ mounting an ECC circuity and^provided with means for deciding 
whether tfaeoa nrr no errors, a 1-bit error ocwrs , or an error 
with 2 bits or more occursv by not«Lng i that there is no problem 
of using *^yas a non-defective product even when^includirhg a 
1-bit hard error. 
[Patent Document 1] 

Japanese Unexamined Patent Publication No . Hei 
11 (1999)-025689 



SUMMARY OF THE INVENTION 

toAJaa-U u m-> i lplmsrF^€r^ |Patent Document 1, on the assumption 
thatx^m ECC decoder^is normal, regarding an information bit 
and a check bit as one information bit, an ECC generator for 
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jis added thereto, and an error correction signal formed 
by the ECC decoder is compared with write data WD corresponding 
to the inputted information bit and test data TDjas feb^check 
bit to detect a defect^vra^fe 2 bits or more. 

The technique of Patent Document 1 requires, as the ECC 
decoder, a circuit for forming read data RD by an information 
bit and a check bit for normal operation and a circuit for forming 
an information bit and a check bit error-corrected by a check 
bit generated by the ECC generator forj^1=sESPt, regarding an 
information bit and a check bit as one information bit, for* 
test operation, and the ECC generator foi^fe©«?t. It also requires 
an input circuit for inputting the test data TD for^-test and 
an output circuit for outputting the check bit .""IS^circuit 
size of the ECC decoder, the ECC generator foritest, the input 
circuit and the output circuit, which are used only 'foritesst, 
is increased. Along with^i£, the number of external terminals 
is increased^ and any defects in the ECC decoder cannot be 
precisely detected. Since any defective locations cannot be 
specified, a redundancy circuit for switching a defective cell 
to a preliminary cell cannot be used. 

To shorten ^time for defect selection, in a DRAM having 
a large memory capacity, it is typical to employ a test method 
called a parallel test, which tests a number of bits in parallel . 
In Patent Document 1, however, no consideration is given to 
fefe^parallel test for shortening the test time . When 4StX is applied 
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to a DRAM as-is, the test time is longer so that an increase 

in the test cost will reflect directly on the product cost. 

An object of the present invention is to provide a 

semiconductor memory device ^ ninnnl i inj an ECC circuit j which 

enables an efficient test with high accuracyy^ a simplified 

u) 

structure^ and a test method thereof. Another object of the 



present invention is to provide a semiconductor memory device 
incorporating an ECCjcapable of shortening; test time^feff < a 

.^1 



simplified structure^ and a test method thereof .^The above and 
other objects and novel features of the present invention will 
be apparent from the description^^ this specification andjthe 
accompanying drawings. 

A representative \ i-nvontio -a — dioclosad in the present 
invention will be simply described as follows. A semiconductor 
memory device has an ECC circuit ycapable of correcting, from 
an m-bit information code and an n-bit check code^stored in 
an information storing part, an error of the information code 
to x bits, and a parallel test circuit for receiving an 
information code and a check code for^fee«4: with the same bits* 



stored in the information storing partT ^T deLiai i iVj i a defect 
wiLh ildae x+1 bits or more^as being defective. 

Another representativejpg ff^tiQndioT:lo^Gd-in the present 
invention will be simply described as follows. A test method 
of a semiconductor memory device having an ECC circuit capable 
of correcting, from an m-bit information code and an n-bit check 
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code stored in an information storing part, an error of the 
information code^to x bits, and a test circuit for receiving 
an information code and a check code in the information storing 
part, wherein an information code and a check code for^ 



with the same bits are stored in the information storing part, 



the stored information code and check code for*tess£ are 
transmitted to the test circuit, andja defect wi*th bits 
or more for one piece of position information is^ctesniSEl as 
being defective. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.l is a block diagram showing an embodiment of a DRAM 
to which the present invention is applied; 

FIG. 2 is a tolocH c^diagram showing an embodiment of a 6-bit 
input parallel decision circuit according to the present 
invention; 

FIG . 3 is a fed nrl^ diagram showing an embodiment of a parallel 
test decision circuit according to the present invention; 

FIG .4 isa btockj^diagram showing an embodiment of a pseudo 
independent decision circuit according to the present 
invention; 

FIG. 5 is a block diagram showing an embodiment of a parallel 
test decision circuit when employing an ECC with 128 + 8 bits 
according to the present invention; 

FIG. 6 is a block diagram showing a data flow abnormal 
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operation of a semiconductor memory device according to the 
present invention; 

FIG . 7 is a block diagram showing * data flow when allowing 
memory cells for parity of a semiconductor memory device 
according to the present invention to be controllable; 

FIG. 8 is a block diagram showing *data flow when allowing 
the memory cells for parity according to the present invention 
to be observable; 

FIG. 9 is a block diagram showing a n ^emb u ul inu m i b of ^layout 
jUMumpLc of the DRAM according to the present invention; 

FIG. 10 is an overall block diagram showing an embodiment 
of a dynamic RAM according to the present invention; and 

FIG. 11 is a^circuit diagram showing an embodiment of a 
DRAM according to the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG.l shows a aerhcmala A a block diagram of an embodiment 
of a DRAM according to the present invention. The circuit blocks 
in the drawing are formed on one semiconductor substrate by 
a known semiconductor integrated circuit manufacturing 
technique. The numeral 100 denotes a DRAM chip employing an 
ECC according to the present invention. MDL bci ii g ^particularly/l 
limited, in thit primiiiL in^eiiVi i n i, ilrrg g a 16-pin chip ^|the 
DDR SDRAM standard^ - Not boing - pa - gt i cularly limited, tko ECC 
capable of correcting a 1-bit error by adding 4-bit parity for 
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each 8-bit data is used. 

In the DRAM chip 100, the numerals 101_0 to 101_3 denote 

a memory mat> the num cx al 10 2 ^ a row address decoder; tho numeral 

lol 7 
3r6-^> a column address decoder; the numeral — a command 

decode^; the numeral 105/ a resfete^; tho - numeral 10fc > a parity 

generation circuit; tefee^nmrrnl. 1 01 j a parallel test selector; 

\oY ^ 
t ftc numGBal-ifr8 ^ an ECC decode^; the numeral 10O y a parallel 

test decision circuity; fe he numornlg 110_0 to 110_3, s. decision 

result^ aclocter ; trftc numoralo 111_0 to lll^JLGj S data^g^; 



numeral 112 ^ a command and address pir^; - tho Rumcral 113 ^ a pseudo 
independent decision circuit; tho numojngl 13-CLj an input/output 
bus^- tho numeral lUl^ parity data; the numeral fcg£ » a global 
I/Obua; the numer a l o 1 23 0 to 133 -3, a memory mat select signals; 



-tfee numeral 1233 a row select signaL; the numoral 12j^ a colui 



umn 



select signa^; - the numeuta^=^2£ft a command and address signal; 

the .numf?m1 ^ 1 °7_0 t^ 127_3 ,mn piain amp output ~i gn ilif Mini HtiT 

j^ numorn 1 . 1 '^f^ ra test^p» ofjmemory tester. | €>rigiiwtada r y there 

are a number of the command and address pins 112. Injthis 

embodiment, they need not be particularly discriminated. ancL±2r 

^ A 

only one of them is shown. 

The writing operation of the DRAM chip 100 employing the 
ECC in FIG.l is performed by the following^ 1) to 5). 

1) A row address specification command is inputted to 
the command and address pin 112 with a row address and a memory 
mat select signal. 
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2) The row address decoder 102 outputs the row select 
signal 124 to activate fcbej specif ied row of the memory mat 
specified by the command decoder 104. 

3) A write command is inputted to the command and address 
pin 112 with a column address and a memory mat select signal 
to input data to the 'data jpra 111. 

4) Since the DRAM chip 100 employs the ECC, the 8-bit 
parity data 121 is generated by the parity generation circuit 

106 from the inputted 16-bit data. The parallel test selector 

107 selects data; 16 bits and parity^ 8 bitsjto output them to 
the global 1/0*122 (24 bits). 

5 ) The column address decoder 103 outputs the column select 
signal 125. The data of the global 1/0^122 is written into the 
memory cellj according to the column select signal 125j in the 
memory mat specified by the command decoder 104. 

The reading operation of the DRAM chip 100 employing the 
ECC in FIG.l is performed by the followingil) to 5). 

1) A row address specification command is inputted to 
the command and address pin 112 with a row address and a memory 
mat select signal. 

2) The row address decoder 102 outputs the row select 
signal 124 to activate fe**e ^specif ied row of the memory mat 
specified by the command decoder 104 so as to amplify the contents 
of the memory cells in the sense amp in the memory mat 101. 

3) A write command is inputted to the command and address 
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pin 112 with a column address and a memory mat select signal. 

4 ) The column address decoder 103 outputs the column select 
signal 125. Data is selected from the main amp output signal 
according to the column select signal 125 in the memory mat 
specified by the command decoder 104 so as to be finally amplified 
in the main amp. The main amp output signal 127 is outputted 
to the global 1/0/122. . 

5) Since the DRAM chip 100 employs ts&gjECC, the main amp 

output has 24 bits obtained by adding parity/ 8 bits to data ff~ 

A 

16 bits. The ECC decoder 108 corrects the error^to output 16-bit 
data via the input/output bus 120 to the data^jrm 111. 

Since the DRAM chip 100 is a DDR SDRAM, the main amp output 
for two words is originally outputted^to be switched at^ 1 
outputting, thereby enabling a wide-band operation. In one 
reading/writing operation, a plurality of words (typically, 
2 to 8 words /command) are always processed. They are omitted 
in ^^description. 

Based on the above, parallel test&pf the DRAM chip 100 
will be described. First, a parallel test when not employing 
tfeej^ECC will be described. Basically, the parallel test is a 
technique ^connecting a number of DRAM chips 100 to a memory 



tester to conduct the/tesJ: in parallel, thereby reducing the 
test cost. The number of ^fetec test pins 130 of ^memory tester 
is limited. Depending on how many test pins 130 are used for 



one chip, the processing ability for one memory tester i^ dooid ^d . 



^reduction jetf^ the number of test pins per chip is important 
for reducing the test cost. Since the command and address given 
to each chip is shared, the test pins connected to the command 
and address pins can be shared among a number of chips. In 
particular, tte test pins connected to the data pins for 
receiving test results must be ^ pjpopjir ' tfcl for each chip. Y2X£ 2* 
reduction T^the number of the test pins connected to the data 
pins provides a high test cost reduction effect. 

As shown in FIG.l, the DRAM chip 100 is a memory <rf^a 
16-1/0 4 -mat structure. In t»&jsjparallel test, typically, 16 
bitsx4 = 64 bits are tested in parallel. The number of «tae test 
pins connected to^l6 data pins of each chip can be reduced to 
four. In K simple calculation, the number of chips connected to 
the memory tester is four times. The four mats are tested in 
parallel to shorten one test time to 1/4. In^combination of 
the two effect s^h^prpy|^|^a bility of the memory tester 
is 16 times. Ebe jtest cost is -Ft cmfc===fe — b e reduced very 
significantly. 

The parallel test method^ as an a a, a gap tv sgn ^ of this 



embodiments is performed according to the prnrn Un 
following)^ 1) to 3) . » 



1) A command, which is not allowedjyija the standards vis 
used to move to^parallel test mode. That is, the command of 
the parallel test mode isft dx^idiuLl by a bit pattern which is 
not used in the existing SDRAM. The movement to the parallel 
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test is decoded by the command decoder 104ftta9 i-riitr a flag- 
indicating the parallel test, into the register 105. Other 
circuits are operated injparallel test mode with reference to 
the flag of the register 105. 

2) Data writing is performed. He^, only 4-bit data is 
specified. As understood from FIG. 1, onlyj^four data pins 111 0, 
111_4, 111_8 and 111_12 are connected to the test pins 130 of A 
memory tester of the data pino 111 0 to 111_15 . Other.jdata pins 
are released. For convenience scfjcheck performed thereafter, 



the data on the data pins 110_0, 110_4, 110_8 and 110_12 snro ^ 
the same. 

M 

^^^^^he parallel test selector 107 recognizes/the operation 
ir^parallel test mode and allocates the data inputted from the 
data pin 110_0 to bits 0, 1, 2 and 3 . Similarly, the data inputted 
from the data pin 110_4 is allocated to bits 4, 5, 6 and 7, 
the data inputted from the data pin 110_8 is allocated to bits 
8, 9, 10 and 11, and the data inputted from the data pin 110 12 
is allocated to bits 12, 13, 14 and 15. As a result, the same 
data is written into all bits. 

In the command and address pin 112, the command and address 
are operated as^normalj except forj^ memory mat specification. 
In the normal operation, only the specified memory mat is 
activated to perform writing/reading . In writing in the parallel 
test, the four mats are activated in parallel to write the same 
data into the memory cells in the same row and column of the 
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four memory mats. Inlda^normal operation, jthe memorymat select 
signals 123_0 to 12 3_3 < in - wh ar o h only one of the four signals 
is transited to Hi (high leveD^aascr all A transited to Hi in the 
parallel test to activate the four memory mats 101 0 to 101 3. 
In fetefyparallel test, the memory mat specification is invalids 
and the test pins 130 ofjmemory tester may be released without 
being connected. 

3) Data reading is performed. In the same manner as 
data writing, the four mats are read in parallel. The same data 
isr^written into all bits in the mats. When the memory cells 
are not abnormal, the same data should be reac^. The parallel 
test decision circuits 109 decide whether all bits are in 
coincidence or not . When all bits are in coincidence, acceptance 
is jdG'pidGid. When even 1 bit is non-coincident, rejection is 



j ^dGGiderel . The decision result selectors 110_0 to 110_3 output 
the decision results to different bits, respectively, and^other 
bits are unselected. Specifically, the decision result selector 
110_0 outputs the decision result to bit 0, the decision result 
selector 110_1 outputs the decision result tobit 4, the decision 
result selector 110_2 outputs the decision result to bit 8, 
and the decision result selector 110_3 outputs the decision 
result to bit 12. 

4) As a result, the memory tester can individually receive 
the decision results^of the mats. That is, it receives the 
decision result of the memory mat 101_0 from the data pin 111 0, 
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the decision result of the memory mat 101_1 from the data pin 

111_4 / the decision result of the memory mat 101_2 from the 

data pin 111_8, and the decision result of the memory mat 101_3 

from the data pin 111_12 . When ^being decided ao beiny mjeu l ^d , 

redundancy relief is performed in the corresponding memory mat, 

row and column. Any memory which has not been relieved by the 

redundancy relief is discarded as a defective product. 

The case of fcbe^ DRAM according to the present invention. 
o^v ) 
employing fehs^ECC in the DRAM chip lOO^will be considered here. 

Basically, because of a 4-mat structure with 16 I/O bits and 

8 parity bits, the parallel test of (8+4)x4=96 bits may be 



conducted in parallel. That is, at/writing, the data inputted 

from the data pin ^3=ffi=fr i s allocated to data bits 0, 1, 2 and 

3 and parity bits 0 and 1. Similarly, the data inputted from 
11U>L 

the data pinxi±flgt is allocated to data bits 4, 5, 6 and 7 and 
parity bits 2 and 3, the data inputted from the data pin^j^gF 



is allocated to data bits 8, 9, 10 and 11 and parity bits 4 
and 5, and the data inputted from the data pimJEfcETis allocated 
to data bits 12, 13, 14 and 15 and parity bits 6 and 7 . Atj^reading, 
whether all of J24 bits of the main amp output signal 127 are 



in coincidence or there are any non-coincident bits ia« 

In the DRAM according to the present invention, as^ 
described l^ atejr, ^j^ e of tne objects^ to employ t^ss* ECC is to 



cope with/yretention datsfeet of memory data. In other words, the 
refresh interval (cycle) of the DRAM is made longer. In this 
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case, when there is a- 1-bit defect in 8 + 4 bits as an ECC unit, 
it must be decided a*s^a non-defective product. As described 
above, however, in the parallel test for deciding whether all 
bits are in coincidence or not, fete ^ 1-bit defect^' 1 " 1 



SB being rejected. To avoid this, a method for testing all bits 
without using the parallel test can be considered, ^increases 
the test cost, which is hard to accept. 

Accordingly, the present invention employs a parallel 
decision circuit corresponding to the ECC. Since any retention 




defect is relieved by the ECC, an acceptance decision is 
to a 1-bit defect in 8 + 4 bits . Thei h i hi jii i i nt. ^ parallel decision 
circuit for detecting 1-bit non-coincidence as well as all bits 
coincidence^ to orrbput i an acceptance decision. 



FIG. ^ abowo ajpircuit diagramof an embodiment of a parallel 

decision circuit according to the present invention . The drawing 

shows a 6-bit input parallel decision circuit| The numuieil 200 

denotoc a 6 - bit input -p aiullul dmioion circuit; tho numeral 

-2^fe^a 6-bit input/ ^fe«==a«me^ai~^GhS^ a decision circuit valid 
>u^j MA j^~u?^ q^J i Jty\\ iU^w^y u^caaJ^- p^JU^-^a ^ 

signal^; tho numoidl.Z0^ j\a 1-bit Hi (high level) decision output^ 

11 - l 30 il| a 1-bit Lo (low level) decision outpul^r^be 

nnmpraL-a-Q Sy an all bits Lo (low level) outpu^r and tha numoral 

* ?4>Q> 

-2^BSr an all bits Hi (high level) output-. 

. Injdetail de sssg ^R, when the decision circuit valid 
signal 202 is a Hi input, the 6-bit input parallel decision 
circuit 200 performs a decision erfAthe 6-bit input 201. When 
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the 6-bit input 201 is all bits Hi, Hi is outputted to the all 

bits Hi decision output 206 and^other outputs output Lo, 

Similarly, when the 6-bit input 201 is all bjt s Lo, Hi is outputted 

to the all bits Lo decision output 205 andjjother outputs output 

Lo. When an arbitrary bit of the 6-bit input 201 is Hi and the 

remaining bits are Lo, the 1-bit Hi output 203 outputs Hi and 

A 

other outputs output Lo. Similarly, when an arbitrary bit of 
the 6-bit input 201 is Lo and the ^maining bits are Hi, the 
1-bit Lo output 204 outputs Hi andjother outputs output Lo . 
When the decision circuit valid signal 202 is a Lo input, the 
all bitsLo 2dK output ^outputs Hi and^other outputs output Lo. 



In^ andther input pattern, all outputs output Lo. 

The 6-bit input parallel decision circuit 200 is used 

toSSSS «y ajthe parallel test decision circuit 109^. FIG. 3 shows 

the detai^pf the parallel test decision circuit 109 . The numeral 

301 denotes an ECC relief valid signal; and the numeral 302a? JL*Jk*» 

A 

a parallel test decision result signal. The decision circuit 
valid signal 202 and the ECC relief valid signal 301 in FIG. 3 
input a valuej^written into the register 105, which is omitted 
in FIG.l for simplification. 

When the decision circuit valid signal 202 is a Hi input, 
the parallel test decision circuit 109 
coincidence/non-coincidence of the main amp output signal 127 . 
When the decision circuit valid signal 202 is a Lo input, Hi 
is outputted regardless of the value of the main amp output 
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signal 127 . When the decision circuit valid signal 202 is Hi 
and the ECC relief valid signal 301 is Lo and all bits of the 
main amp output signal 127 are in coincidence, the parallel 
test decision result signal 302 outputs Hi. When even 1 bit 
of the main amp output signal 127 is non-coincident, the parallel 
test decision result signal 302 outputs Lo. 

When the decision circuit valid signal 202 is Hi and the 
ECC relief valid signal 301 is Hi, a decision assuming relief 
in the ECC is/y porf ormod . The main amp output signal 127 as a 
24-bit signal^of data^l6 bits and parit^8 bits.is divided into 
12-bit signalsjof data^8 bits and parity 4 bits for each ECC 
relief unit. A first ECC relief unit has data bits 0 to 7 and 
parity bits 0 to 3, and a second ECC relief unit has data bits 
8 to 15 and parity bits 4 to 7 . Needless to say, the parallel 
test decision circuit 109 outputs Hi when all bits are in 
coincidence. When there is 1-bit non-coincidence in all bits, 
there is 2-bit non-coincidence in all bits and the respective 
non-coincident bits exist in another ECC relief unit, Hi is 
outputted. In/ janothor bit pattern, Lo is outputted. 

The signal of the first ECC relief unit is inputted to 
the 6-bit input parallel decision circuits 200_0 and 200_1, 
and the signal of the second ECC relief unit is inputted to 
the 6-bit input parallel decision circuits 200_2 and 200_3. 
B^uiiriuJi^is performed for eachj6 bits. The decision results 
are summed in a combination circuit for outputting the parallel 
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te st decision result signal 302 as a final decision result 



^pseudo independent parallel test will be described. In the 
above-described parallel test, since the same data is written 
into all bits in all mats, no defect depending on the data pattern 
can be detected. In the parallel test, data is read and written 
by the four test pins 130 ofpnemory tester. This is used to 
test a bit pattern to some extent in the parallel test, which 
is fete^pseudo independent parallel test. 



The pattern in which the four test pins 130 of^memory 
tester are allocated tofcbits is the same as the parallel test, 
except that at^writing, writing is performed to only one mat 
and an arbitrary data pattern is inputted to each of the test 
pins 130 of the memory tester. At ^ reading, the 
coincidence/non-coincidence of the bits allocated to the test 
pins 130 ofjmemory tester isy rir? raided by the pseudo independent 



decision circuit 113. As compared with, the case ts±ts£|the test 

A- 

pins 130 are connected to all^the data pins 111, needless to 
say, the data pattern is limited. Any defect which has not been 
found in the parallel test can be selected. 

When^ECC relief decision is incorporated into the pseudo 
independent parallel test, a problem which has not been imposed 
in the parallel test, arises. For example, the bits allocated 
to the data pin 111_0 are data bits 0 to 3 and parity bits 0 
*©j^l, and the bits allocated to the data pin 111_4 are data 
bits 4 to 7 and parity bits 2\f3b 3. Since different data may 
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be written into the bits allocated to the data pin 111_0 and 
the bits allocated to the data pin 111 4, 
coincidence/non-coincidenc^must be decided individually. When 
1-bit non-coincid^nc^s decided as being accepted, a 2-bit 
defect may be <ir i ?i i ;l i s i£ t "ps^being accepted in the same ECC relief 
unit. A mechanism for avoiding this is necessary for the pseudo 
independent decision circuit 113. 

FIG. 4 shows a detailed diagram of the pseudo independent 
decision circuit 113. The numeral 401 denotes a pseudo 
independent decision circuit valid signal; and the numerals 



402_0 and 402_lfi {v a 1-bit defect decision signal. Data bits 0 
to 3 and parity bits 0j13> 1 of the global I/O bus 122 are inputted 
to the 6-bit input parallel decision circuit 200_4. Similarly, 
data bits 4 to 7 and parity bits 2y±* 3 are inputted to the 
6-bit input parallel decision circuit 200_5f:data bits 8 to 
11 and parity bits 4 ^5 are inputted to the 6-bit input parallel 
decision circuit 200_6f jand data bits 12 to 15 and parity bits 
6 fe^7 are inputted to the 6-bit input parallel decision circuit 
200J7. 

When the pseudo independent decision circuit valid signal 
401 is Lo, ^decision of coincidence/non-coincidence is not 
perf ormedjand all outputs are HiZ (high impedance) . When the 
pseudo independent decision circuit valid signal 401 is Hi and 
the ECC relief valid signal 301 is Lo, the logical aSljof the 
all bits Hi decision output 206 and the all bits Lo decision 
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output 205, which are rinri dm A fin the 6-bit input parallel 
decision circuits 200_4 to 200_7, is outputted. That is, when 
all bits are in coincidence in the 6-bit input parallel decision 
circuits 200_4 to 200_7, the respective outputs intpnti -in 



acceptance decision. 

When the pseudo independent decision circuit valid signal 
401 is Hi and the ECC relief valid signal 301 is Hi, the operation 
is slightlyjcomplicated. The 6-bit input parallel decision 
circuit 200_4 and the 6-bit input parallel decision circuit 
200_6 obLaxii n the logical a^^of the 1-bit Hi decision output 
203, the 1-bit Lo decision output 204, the all bits Lo output 
205 and the all bits Hi output 206^ for outputting it . All bits 
coincidence or 1-bit non-coincidence in 6 bits Qufeputo ^ an 
acceptance decision. 

The output results of the 6-bit input parallel decision 
circuit 200_5 and the 6-bit input parallel decision circuit 
200_7 are changed by the operation of the 6-bit input parallel 
decision circuit 200_4 and the 6-bit input parallel decision 
circuit 200_6. The 6-bit input parallel decision circuit 200_5 
receives the 1-bit defect decision signal 402_0 from the 6-bit 
input parallel decision circuit 200_4. 

When the 6-bit input parallel decision circuit 200 4 



frcfeejctes a 1-bit defect, S^[0] outputs an acceptance decision 
and^at the same time, the 1-bit defect decision signal 402_0 
is Lo. In this case, the 1-bit defect decision of the 6-bit 
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input parallel decision circuit 200_5 is 1'rirlgl^ i being 
rejected. This can hold the limit of the 1-bit defect in the 
ECC relief units. The operations of the 6-bit input parallel 
decision circuits 200_6 and 200_7 are performed in the same 
manner to hold the limit of the 1-bit defect in the ECC relief 
units . 

As the ECC relief unit of the ECC is increased, the number 
of parity bits can be reduced. For example, when structuring 
an ECC capable of correcting a 1-bit error to 128-bit data, 
8 parity bits may be added. In a DRAM chip employing such^ECC, 
one row address and column address specification is performed 
to output at least 128+8 bits as a main amp output from the 
memory mat. In the parallel test, the four mats need not be 
activated in parallel to complete the parallel test in one memory 
mat . 

However, a problem arises when outputting the result of 
the parallel test to^outside. As in the above embodiment, the 

4- 

redundancy relief is performed for each data^L6 bits + parity^ 
and the test pins of the memory tester are connected to four 
data pxns. In this case, only the test result for data A 64 bits 
can be outputted for one access. Thus, 128 + 8 bits are tested 



FIG. 5 shows a parallel test decision circuit 500 employing 
an ECC with 128 + 8 bits^ — if- n P1_n-h rr ■&Sfc=3s rip nnt c Li a / 
17-bit input parallel decision -e£=Fe=«*^; the numtul DU^ a 
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52> ^Sl- 
switching device; tho numeral a register; the numoral 501, 

a main amp output*; tho numeral 505^ an address switch siqnalk,- 

tho numeral 5 (Hp a parallel test input signal; thr. numm ^1 5ffS« 

a|| register outputj; the nnmnn nl i^508_0 to 508_3^ a 1-bit defect 



flag; and tho numeral UQ9y * m test decision signa]^. 

A parallel test conduction method when employing the ECC 
with 128 + 8 bits will be described inithe following^l) to 5) . 

1) Parallel writing is not much different from the^above 
es© except that writing is performed to one mat in a 128 + 8 bit 
unit. To shorten the test time, writing is performed to four 
mats in parallel. 

2) At y reading, when a row address and a column address 
are specified, the main amp output 504 with 128 + 8 bits can be 
obtained. The least significant bit of the column address is 
inputted as the address switch signal 505 to the parallel test 
decision circuit 500. Here, 0 is assumed to be specified to 
the least significant bit of the column address for a first 
time. When the address switch signal 505 is 0, the register 
503 is reset to output logic 0. 

3) Since the address switch signal 505 is logic 0, the 
low-order 68 bits of the main amp output 504 are selected by 
the switching device 502 j^to be inputted to the 17-bit input 
parallel decision circuit 501 for each 17 bits. 

4) When all 17 bits are in coincidence, the 17-bit input 
parallel decision circuit 501_0 outputs an acceptance decision 
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to the test decision signal^509J) regardless of the value of 

the register output 507. When there is*l-bit non-coincidence, 

the value of the register output 507 is referred^. When the value 

of the register output 507 is logic 0, an acceptance decision 

JL>a>U 

is outputted to the test decision signalj509_0 . When it is logic 
1, a rejection decision is outputted thereto. When a defect 
with .2 bits or more occurs, a rejection decision is outputted 
to the test decision signal^ 509_0 regardless of the value of 
the register output 507 . Logic 1 is outputted to the 1-bit defect 
flag outputj508_0 when the register output 507 is logic 1. In 
the case of fcfe^l-bit defect, logic 1 is also outputted thereto. 
In to^case ctf other than that, logic 0 is outputted thereto. 

5) The 17-bit input parallel decision circuits 501 1 to 
501_3 fier-i-rie ^acceptance or rejection while referring to the 
1-bit defect flag outputs 508_0 to 508_2 in the previous stage. 
The 1-bit defect output of the 17-bit input parallel decision 
circuit 501_3 is stored in the register output 507 and is 
outputted when the address switch signal 505 is switched to 
logic 1. 

6) The least significant bit of the column address is 
switched to 1 . At this time, the main amp is not operated. When 
the address switch signal 505 is 1, the high-order 68 bits of 
the main amp output 504 are selected by the switching device 
5TJ2£o be inputted to the 17-bit input parallel decision circuit 
501 for each 17 bits. 
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7) The acceptance/rejection decision is performed as in 
the case tihnt| the address switch signal 505 is logic 0. Only 
in the decision of the 17-bit input parallel decision circuit 
501_0, the value of the 1-bit defect flag 508_3.when the address 
switch signal 505 is logic O^is stored in the registe^. The 
acceptance/rejection decision is performed according to H~*- 
value . 

8) As described above, the 1-bit defect flags 508 are 
transmitted sequentially to the next stage. The condition that 
only a 1-bit defect is allowed in 128 + 8 bits is held. In such A 
method, the possibility that the 1-bit defect may be allowed 
or redundancy-relieved is unbalanced. The possibility that a 
plurality of 1-bit defects may occur in 128 + 8 bits is low, wSiE^ 
is not substantially a problem. 

In summary, the f olluwlliy la Je^Cii - fagA , Whmi^ an ECC relief 
unit n is smaller than a redundancy relief unit m and a parallel 
test decision unit p (n < m and n < p) , ^decision is performed 
under the condition that a 1-bit defect is allowed for each 
ECC unit. According to this, tefe^acceptance/rejection decision 
of the redundancy relief unit is^ porformod . On the contrary, 
when the ECC relief unit n is larger than the redundancy relief 
unit m or the parallel test decision unit p (n > m or n > p) , { 
all bits ac cept ance, a 1-bit defect or a defect with 2 bits 
or more is do.w i i in each redundancy relief unit or parallel 
test decision unit., and when a 1-bit defect is detected in another 
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location, the decision result is outputted so that the number 
of defects in the ECC relief unit will not exceed 1 bit. When 
the ECC relief unit is^across a plurality of addresses, a 1-bit 
defect flag may be stored in the register for reference in the 
acceptance-rejection decision in another address. 
t\ In the above ^embodiments, the ECC corrects a 1-bit defect. 
Depending on the ECC structuring method, a defect with 2 bits 
or more can be corrected. An ECC capable of correcting an m-bit a 
defect is employed to^- porf orm decision in such a manner that^ 



an n-bit defect is Gtesasetegljas a non-defective product in the 
ECC relief unit h (m^n). Also in this case, the basic idea is 
the same as^above^and the decision of 1-bit non-coincidence 
as being accepted may be changed to the decision of n-bit 
non-coincidence as being accepted. When the ECC relief unit 
n is larger than the redundancy relief unit m or the parallel 
test decision unit p, a 1-bit defect flag may be extended to 
a plurality of bits for multiplication by the number of defective 
bits, thereby changing the decision result so as not to exceed 
n . 

In this embodiment, response to the ECC is processed in 
the DRAM chip, and when viewed from outside, this case is not 
different from the case^ej°=lfefe3fa ^m-cc of the ECC. The output * 
of the DRAM is tri-state . Generally, the memory tester can dooi^teA 
tri-state^. The all bits acceptance may be a Hi output, the 1-bit 
defect may be a HiZ output (high impedance output) , and the 
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defect with 2 bits or more may be a Lo output . How the redundancy 
relief is performed may be left to the program of the outside. 

The above description is mainly aboirt - the ^parallel test. 
The parallel test selects defective chips before shipping fl^raaj 
checking sw^design mistakes, a more detailed test must be 
conducted. When e mg>l£yi ng tifae^ECC, any inside defect is hidden 
so as to inhibit thejeteedc of aa^design mistakes . It is convenient 
that the DRAM employing the ECC can opgrnte idata bits and parity 
bits i^t^via the ECC. To simplify the later discussion, a basic 
data flow will be described TaSe e ^Sa^to FIG. 6. 

FIG. 6 shows stjjdata flow. It should be noted that it is 
not always in coincidence withjactual signal line connection. 
Input data 603_0 to 603_15 are inputtedjto be stored in memory 
cells 601_0 to 601_15. Based on the input data 603_0 to 603_15, 
the parity generation circuit generates parity tn -itriivr i I ^ i 1 1 
memory cells 602_0 to 602_7 . 

In data reading, error correction is performed in the ECC 
decoders 108jf rom the data and parityjstored in the memory cells 
601_0 to 601_15 and 602_0 to 602_7 fer^outputting output data 
604_0 to 604_15. 

It should be noted that the parity^stored in the memory 
cells 602_0 to 602_7 fesj^internally generated by the parity 
generation circuit 106, which is not controllable. Error 
correction of. the memory cells 601_0 to 601_15 and 602_0 to 
602_7 is performed in the ECC decoders 108, which is not 
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observable. fe« K check <s£ the internal circuits is thus very 
difficult. To avoid this, all memory cells are allowed to be 
controllable and observable . To allow the memory cells for dataJ^*L 
601_0 to 601_15 to be observable, the ECC decoders 108 do not 
perform error correction, which is a technique typically used. 

To allow the memory cells for parity^ 602_0 to 602_7 to 
be controllable, j signal line connection as shown in FIG. 7 is 

^ perform e d . The inputs 603_4 to 603_11 are allocated to the memory 
cells for parity^ 602_0 to 602_7. This can be performed by a 
general memory device employing the ECC. The connection is 
further contrived. The memory cells for parity; 602_0 to 602_7 
are connected to the inputs 603 4 to 603 11 so that the memory 
cells for data|601_4 to 601_11 are brought into the state of 

_Don't care. Generally, the inputs 603_4 to 603_11 remain 

connected or no data is written into the memory cells for data 1^ 

A 

601_0 to 601_15. 

In^the present invention, the inputs 603_12 to 603 15 
are allocated to the memory cells for data^601_4 to 601_7. The 
inputs 603_0 to 603_3 are allocated to the memory cells for 
data^601_8 to 601_11. Thus, an arbitrary bit pattern can be 
allocated to the memory, cells 601JD to 601_7 + 602_0 to 602_3 
in the ECC relief unit. The memory cells 601_8 to 601__15 + 602_4 
to 602_7 are similar. This can arbitrarily^ <§0£g an input to 
the ECC decoders 108, thereby making the debug operation 
efficient. The data connection change is performed in the 
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parallel test selector^ in FIG.l. 

To allow the memory cells for parityj602_0 to 602_7 to 
be observable, j signal line connection as shown in FIG. 8 is 
^r£oum d. The memory cells for parity^ 602_0 to 602_7 are 
connected to the outputs 604_4 to 604_11. The memory cells for 
dat^601_0 to 601_3 are connected to the outputs 604_0 to 604_3 . 
The memory cells for dataj(601_12 to 601_15 are connected to 
the outputs 604_12 to 604_15. 

To the memory cells for parity/602_0 to 602_7 to be 
observable, they may simply be connected to the outputs. Not 
only the memory cells for parity^but also the memory cells for 
dataware connected to the outputs fee om ^the following reasons. 
The input s4^e|of the connection method for allowing the memory 
cells for parity x602_0 to 602_7 to be controllable, which is 



shown in FIG. 7, and the output «ietej(of the connection method 

Ufa 

for allowing the memory cells for parity^ 602_0 to 602_7 to be 
observable, are used in parallel. The DRAM can be regarded as 
a DRAM not employing fefee^simple ECC. This means that the program 
of the memory tester for checking the memory cells need not 
be changed. The debug operation can be significantly efficient . 

FIG. 9 shows m (Layout ^qeaaaapte of the DRAM chip 100. The 
memory arrays 101_0 to 101_4 are arranged in^four corners^and 
peripheral circuits are arranged in the middle portion, as shown 
in FIG. 9, which is the basiciof the DRAM chip design. TTujT.i 
oo orgonged that the data flow at^reading & the DRAM chip 100 
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is as shown by the arrows in FIG. 9. 

| in Ce DRAM chip 100 em P lo Y s **w^ECC, flowered speed 

at^reading becomes a problem. The memory arrays 101_0 to 101 4 
are divided into data parts and parity parts to arrange parity 
in the positions in which the data flow is slow. In the example 
of FIG. 9, data is arranged in parts 901 and parity is arranged 
in parts 902. The algorithm of the ECC is omitted. The critical 
path in the ECC is the data flow. The access speed is not lowered 
when parity is slightly late. This arrangement increases the 
entire access speed. In this example, the memory arrays 101 0 

tC ]^^J a \ e divided into te left and right sides. Regardless 
of the ^division mottled , data speed-dependent is apparent. 
("Y"* FIG . 10 shows an overall block diagram of an embodiment of a 
dynamic RAM (hereinafter, simply called a DRAM) according to 
the present invention. The DRAM of this embodiment is intended . 
fer^an SDRAM (Synchronous Dynamic Random Access Memory) . ^&t^ 
ETuluiy particularly A limited, the SDRAM of this embodiment is 
provided with four memory arrays (MEMORY ARRAYs) 1200A to 1200D 
corresponding to four memory banks (BANKs) . In the drawing, 
the two memory arrays 1200A and 1200D nf Uiumu are 



representatively exemplified. The memory arrays 1200A to 1200D 
corresponding to the four memory banks 0 to 3^have dynamic memory 
cells arranged in ^matri x ^i i^p uilii vily . The select terminals 
of the memory cells ^arranged vertically in the memory arra^^^^ 
in the drawing^are connected to word lines, not shown, and the 
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data input/output terminals of the memory cells arranged 
horizontally therein are connected to complementary data lines, 
not shown, for each row. 

One word line, not shown, of the memory array 1200A is 
driven at the select level according to the decode result of 
the row address signal of the row decoder (ROW DEC) 1201A. The 
row decoder 12001A includes a word driver (WORD DRIVER) for 
the select level of one word line according to the decode result . 
The complementary data line, not shown, of the memory array 
1200A is connected to an input/output line (10 line) by a sense 
amp (SENSE AMP) 1203A, an 10 gate circuit (I/O GATE) 1204Ajas 
a column select circuit, and a column decoder (COLUMN DEC) 1205A. 
The IO gate includes a main amp and a write amp. 

The sense amp 1202A is an amplification circuit for 
detecting and amplifying a small potential difference which 
appears^the respective complementary data lines by data read 
from the memory cells . The 10 gate circuit 1204A includes switch 
MOSFETs for selecting the respective complementary data lines 
to be made conductive to the complementary I/O lines . The column 
switch MOSFET is selectively operated by the decode result of 
the column address signal of the column decoder 1205A. 
Similarly, the memory arrays 1200B te>^1200C, not shown, are 
provided with row decoders 1201B.ter 1201C, sense amps 1203B 
fe©^1203C, IO gate circuits 1203B teSj(1203C and column decoders 
1205B teaj^OSC^ The I/O line is shared among the memory banks 
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and is connected to the output terminal of a data input circuit 
(DIN BUFFER) 1210 and the input terminal of a data output circuit 
(DOUT BUFFER) 1211. ffgg boing ^particularly; limited, terminals 
DO to D7 are data input/output terminals for inputting or 
outputting 8-bit data DO to D7 . 

Address signals AO to A14 supplied from the address input 
terminals are Gmeej|held by an address register (ADD REG) 1213. 



The row address signals for selecting the memory cell^of tte A 
address signals chronologically inputted^are supplied via a 
row address multiplexer (ROW ADD MUX) 1206 to the row decoders 
1201A to 1201D of the memory banks . Th^A13 and A14 as the address 
signals for selecting the memory bank are allocated and are 
supplied to a bank control (BANK CNL) circuit 1212 to form select 
signals of the four memory banks. The column address signals 
are held by a column address counter (COLUMN ADD CNT) 1207. 
A refresh counter (REF CNT) 1208 generates a row address at 
Automatic Refresh and a row address and a column address at 
Self Refresh. 

With a 256-Mbit memory capacity, up to the column address 
signals A10 is valid in an 8-bit structure. The column address 
signals chronologically inputted are supplied as preset data 
to the column address counter 1208. The column address signals 
as the preset data ir^burst mode^specif ied by the later-described 
command or values obtained by sequentially incrementing the 
column address signals^are outputted to the column decoders 

29 



\ 

) 



J 



1205A to 1205D of the memory banks. 

A control logic (CONTROL LOGIC) 1209 has a command decoder 

(COMMAND DEC) 12091, a refresh control (REF CONTROL) 12092 and 

3 

a mode register (MODE REG) 12093. The mode register 1209< holds 

X 

various kinds of pi nrm ccf operation mode information. Only 

one corresponding to the bank specified by the bank control 

S 

circuit 1212 of the row decoder 1201A to 1201D 4» operated to 

a t 

perform^ word line select operation. 

Hot bni*ig ^particularlyjylimited, the control circuit 1209 
to which external control signals^ such as clock signal CLK, 
clock enable signal CKE, chip select signal /CS (The symbol 
/ means that a signal given it is a row enable signal. ) , column 
address strobe signal /CAS, row address strobe signal /RAS and 
write enable signal /WE, DQM and the address signals via the 
mode register 12093 are supplied, forms an internal timing signal 
for controlling the operation mode of the SDRAM and the operation 
of the circuit blocks based onj^change in level and timing of 
the signals, andjyhas an input buffer corresponding to the 
signals . 

Other external input signals are significant in 
synchronization with the rising edgeof the internal clock signal. 
The chip select signal /CS instructs the start of the command 
input cycle by its low level. When the chip select signal /CS & 
at high level (chip unselected state) , other inputs are invalid . 
The later-described internal operation^ such as the selected 
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state of the memory bank or burst operation^ is not affected 
by the change to the chip unselected state. The respective 
signals /RAS, / CAS and /WE have a function different from that 
of the corresponding signal in a typical DRAM and are significant 
signals for the later-described command cycle definition. 

The clock enable signal CKE is a signal instructing the 
validity of the next clock signal. When the signal CKE is at 
high level, the rising edge of the next clock signal CLK is 
valid. When it is at low level, it is invalid. In^read mode, 
whenprovided with an external control signal /OE for controlling 
output enable to a data output circuit 1211, the signal /OE 
is supplied to the control circuit 1209. When the signal is 
at high level, the data output circuit 1211 is brought into 
a high output impedance state. 

Th e row address signal is defined by the levels of AO 
to A12 in^row address strobe and bank active command cycle in 
synchronization with the rising edge of the clock signal CLK 
(internal clock signal) . 

The address signals A13 and A14 are regarded as bank select 
signals in the row address strobe and bank active command cycle 
That is, a combination of.the A13 and A14 ^selects one of the 
four memory banks 0 to 3 . «5^=tee**^g^particularly ^limited, the 



select control of the memory banks can be dftae^by the processing 
of activation of only the row decoder on the selected memory 
bank side, non-selection of all column switch circuits on the 
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unselected memory bank side, and connection of the data input 
circuit 1210 and the data output circuit only on the selected 
memory bank side. 

In the SDRAM, when the burst operation is performed in 
one memory bank, another memory bank is specified to supply 
a row address strobe and bank active command, the row address 
operation in the pother memory bank is enabled without affecting 
the one memory bank during execution. Unless a collision among 
the data DO to D7 occurs in an 8-bit data input/output terminal, 
a precharge command and a row address strobe and bank active 
command to a memory bankjdif f erent from the memory bank processed 
by the command during execution are issued during the execution 
of the command whose processing has not been ended, thereby 
starting the internal operation. 

An internal power generation circuit, not shown, is 
provided to generate various internal voltages j such as an 
internal rising voltage VPP corresponding to the select level 
of the word line^ upon reception of an operation voltage^ such 
as VCC and VSS supplied from the power terminal, an internal 
dropping voltage VDL corresponding to the operation voltage 
of the sense amp, an internal dropping voltage VPERI 
corresponding to the operation voltage of the peripheral circuit , 
a plate voltage of the memory cell, not shown, a precharge voltage 
such as VDL/2, and a substrate back bias voltage VBB. 

In the DRAM of this embodiment, an ECC circuit 1214 as' 
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described above is provided in the DRAM chip. The ECC circuit 
1214 is shared among the four memory banks 1200A to 1200D. A 
check bit is generated to write data inputted from the input 
circuit 1210 to be written, into the selected memory bank with 
the write data. At the^reading operation, the data and check 
bit are read from the selected memory bank to output, via the 
output circuit 1211, data in which error detection correction 
has been performed. 

FIG. 11 shows a circuit diagram of an embodiment of a DRAM 
according to the present invention. In the drawing, with the 
sense amp part as the middle, a circuit diagram simplifying ih 
address input tcjydata output is illustrated. In this embodiment, 
a pair of complementary bit lines are returned at the sense 
amp as the middle to be extended in parallel , which is a so-called 
2-cross point method. In the drawing, there are provided 
hierarchical structures so that the word line consists of a 
main word line MWL and a sub word line SWL and the input/output 
line consists of a local input/output line LIO and a main 
input/output line MIO. A circuit provided on a sense amp 16 
and a cross area 18 so as to be vertically interposed between 
two sub arrays 15 is illustrated. Others are shown as a block 
diagram. 

One dynamic memory cell provided between the sub word 
line SWL provided in the one memory mat 15 and one bit line 
BL of complementary bit lines BL and BLB is representatively 
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illustrated . The dynamic memory cell has an address select MOSFET 
Qm and a memory capacitor Cs. The gate of the address select 
MOSFET Qm is connected to the sub word line SWL, the drain of 
the MOSFET Qm is connected to the bit line BL, and the source 
thereof is connected to the memory capacitor Cs. The other 
electrode of the memory capacitor Cs is shared and is given 
the plate voltage VPLT. The negative back bias voltage VBB is 



particularly jlimited, the back bias voltage VBB is set to a 
voltage of -IV. The select level of the sub word line SWL is 
the high voltage VPPj which is higher by the threshold voltage 
of the address select MOSFET Qm than the high level of the bit 
line. 

When the sense amp is operated by the internal dropping 
voltage VDL, the high level amplified by the sense amp to be 
given to the bit line is at the internal voltage VDL level. 
The high voltage VPP corresponding to the select level of the 
word line is VDL+Vth+a. A pair of the complementary bit lines 
BL and BLB of the sub array provided on the left side of the 
sense amp are arranged in parallel, as shown in the drawing. 
The complementary bit lines BL and BLB are connected to the 
input/output nodes of the unit circuit of the sense amp by shared 
switch MOSFETs Ql and Q2 . 

The unit circuit of the sense amp is constructed by a 
CMOS latch circuit having N-channel amplification MOSFETs Q5 



applied to the substrate (channel) of the MOSFET Qm. 
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and Q6 and P-channel amplification MOSFETs Q7 and Q8, which 
is in a latch f orm^by cross-connecting the gates and the drains . 
The sources of the N-channel MOSFETs Q5 and Q6 are connected 
to common source line CSN. The sources of the P-channel MOSFETs 
Q7 and Q8 are connected to common source line CSP. The common 
source lines CSN and CSP are connected to power switches MOSFETs, 
respectively 
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Mot boing ^particularly^limited, the common source line 
CSN connected to the sources of the N-channel amplification 
MOSFETs Q5 and Q6 is given an operation voltage corresponding 
to the ground potential by an N-channel power switch MOSFET 
Q14 provided in the cross area 18. The common source line CSP 
connected to the sources of the P-channel amplification MOSFETs 
Q7 and Q8 is provided with an N-channel power MOSFET Q15 for 
supplying the internal voltage VDL. The power switch MOSFETs 



may be provided ^to be distributed in the unit circuits. 

Activating signals forjj sense amjsSAN and SAP ^supplied to the 

\ 

gates of the N-channel power MOSFETs Q14 and Q15*are signals 
in the same phase wfeieh^are at high level at^activation of the 
sense amp. The high level of the signal SAP is a signal at the 
rising voltage VPP level. The rising voltage VPP is about 3.6V 
when £fe VDL is 1.8V. The N-channel MOSFET Q15 is sufficiently 
brought into the on state to allow the common source line CSP 
to be at the internal voltage VDL level. 

The input/output nodes of the unit circuit of the sense 
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amp are provided with a precharge (equalize) circuit havina 
OCX 

^equalize MOSFET Qll for short-circuiting the complementary 
bit lines, and switch MOSFET s Q9 and Q10 for supplying a half 
precharge voltage VBLR to the complementary bit lines. A 
precharge signal PCB is sharably supplied to the gates of the 
MOSFETs Q9 to Qll. A driver circuit for forming the precharge 
signal PCB is provided with an inverter circuit, not shown, 
in the cross area to make the rising or falling faster. Prior 
to the word line select timing at the start of the memory access, 
the MOSFETs Q9 to Qll constructing the precharge circuit are 
switched at high speed via the inverter circuitsj(distributed 
in the cross areas. 

An 10 switch circuit IOSW (switch MOSFETs Q19 and Q20 
for connecting the local input/output line LIO and the main 
input/output line MIO) is placed on the cross area 18. As 
described above, there are also provided a half precharge circuit 
of the common source lines CSP and CSN of the sense amp, a half 
precharge circuit of the local input/output line LIO, a VDL 
precharge circuit of the main input/output line, and a 
distribution driver circuit of shared select signal lines SHR 
and SHL. 

The unit circuit of the sense amp is connected via shared 
switch MOSFETs Q3 and Q4 to 4s£bb similar complementary bit lines 
BL and BLB of the sub array 15|on the lower side^^ the drawing. 
For example, when the sub word line SWL of the sub array on 
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the upper side is selected, the upper-side shared switch^ 
MOSFETs Ql and Q2 of the sense amp are brought into the on state, 
and the lower-side shared switch MOSFETs Q3 and Q4 are brought 
into the off state. The switch MOSFETs Q12 and Q13 construct 
a column (Y) switch circuit. When the select signal YS is at 
the select level (high level), it is brought into the on state 
to connect the input/output nodes of the unit circuit of the 
sense amp to the local input/output lines LI01 and LI01B, LI02 
and LI02B. 

The input/output nodes of the sense amp are connected 
to the upper-side complementary bit lines BL and BLB, amplifies 
the small signal.of the memory cell connected to the selected 
sub word line SWI^ and ^transmits £fc via the column switch circuits 
(Q12 and Q13) to the local input/output lines LI01 and LI01B. 
The local input/output lines LI01 and LI01B are extended along 
the sense amp column, that is, horizontally^in the drawing. 
The local input/output lines LI01 and LI01B are connected via 
the 10 switch circuit having the N-channel MOSFETs Q19 and Q20 
provided in the cross area 18 to the main input/output lines 
MIO and MIOB connected to the input terminals of a main amp 
61. 

The 10 switch circuit is switch-controlled by the select 
signal formed by decoding an X address signal. The 10 switch 
circuit may have a CMOS switch structure in which the N-channel 
MOSFETs Q19 and Q20 are connected in parallel to the P-channel 
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MOSFETs, respectively. In the burst mode of the synchronous 
DRAM, the column select signal YS is switched by counter 
operation to sequentially switch connections of the local 
input/output lines LIOl and LI01B, and LI02 and LI02B to two 
pairs of the complementary bit lines BL and BLB of the sub arrays . 
An address signal Ai is supplied to an address buffer 51. The 
address buffer is operated in time division to fetch an X address 
signal and a Y address signal. The X address signal is supplied 
to a predecoder 52 to form a select signal of the main word 
line MWL via a main row decoder 11 and a main word driver 12. 
The address buffer 51 receives the address signal Ai supplied 
from the external terminal and is operated by the source voltage 
VDD (orVCC) supplied from the external terminal . The predecoder 
is operated by the dropping voltage VPER1 dropping The main 
word driver 12 is operated by the rising voltage VPP. As the 
main word driver 12 , a logic circuit with a level conversion 
function for receiving the predecode signal is used. A column 
decoder (driver) 53 includes a driving circuit in which an 
operation voltage is formed by a MOSFET Q23 constructing the 
VCLP generation circuit, and ^receives the Y address signal 
supplied by the time division operation of the address buffer 
51 to form the select signal YS . 

The main amp 61 is operated by the dropping voltage VPERI 

iS ^^? Utted fr ° m an external terminal Dout via an output 
buffer 62^operated by the source voltage VDD supplied from the 
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external terminal. The write signal inputted from an external 
terminal Din is fetched via an input buffer 63 to supply the 
write signal via the write amp (write driver )j| included in the 
main amp 61 in tho drawing to the main input/output lines MIO 
and MIOB. The input part of the output buffer 62 is provided 
with a level conversion circuit and a logic part for outputting 
11 1 I'lil.J signal in synchronization with a timing signal 



corresponding to the clock signal. 

As the main memory device of a computer system, a dynamic 
random access memory (DRAM) using a semiconductor is generally 
used. As compared with other semiconductor memory devices, the 
DRAM has a high/integration rliwvjm bp and can read and write 



information relatively fast . jtostJs e problem of the DRAM, however, — 



memory holding time is very short (typically, about tens of 
ms to Is) so thatjmemory updating operation called refresh must 
be frequently performed. Since reading and writing of 
information cannot be feaaeft during the refresh operation, the 
refresh operation limits the speed for reading and writing 
information in the DRAM. 

Basically, the information position in the DRAM is 
specified by the row address and the column address. When the^ r 



integration dogr^mo of the DRAM rises by one generation, the 



row address is doubl^f) the column address is doubl^and the 

fv A 

capacity is four times. The refresh of the memory is performed 
by row address specification. For each generation rise, the 
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number of times of refresh is doubl^ In the prior art, for 
each^generation w=ee, arjrefresh interval tREF is tara^ to hold 



the time for refresh per unit time constant. The refresh time 
per unit time is called a busy factor ( y) and is jhuui^by Equation 
1. 

[Equation 1] 
tRC min x n 



tREF 



The increase in thejintegration dogrupQ of the DRAM means 
that the area of the memory cell used for holding ifitemcSy is 
reduced. When the memory cell^is reduced, the capacity of the 
capacitor is /ff <4^9f d - Basically f- the memory holding time is 
shortened. Stae^capacity of the capacitor ha 3 been attempLuU 
to foo inrrgoaood by making the memory cells three-dimensional 
(stacked capacitor or trench capacitor) , thinning 1 < 
insulating film and wsssso^ ^ a high dielectric material} 



The making of the memory cells three-dimensional will 
in °^ aSe ^ cost due to the complicated process . The thinning 
of anjp_nsulating film will drastically increase Ajleakage current 
due to the electron quantum effect when the thinning is 
excessive% The excessive thinning provides an adverse 

effect. The kinds of high dielectric materials applicable to 
.the semiconductor process are limited, making it difficult to 

'^S^hese reasons, thejjtREF is Luiut^dif f icult to increase 
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year by year. In fact, while the tREF standard^ of a 64-Mbit 
SDRAM is 64ms, the tREF standard| of a 256-Mbit SDRAMjis 64ms. 
As described above, to prevent the busy factor from being 
deteriorated, the^tREF must be double* in^generational change. 
Qn-.thisji fcrond , the tREF of fcfcre>j( 256-Mbit SDRAM should be 128ms. 
It can be assumed from this that an attempt to increase the 
tREF is being limited. 

The refresh interval is longer in excess of the tREF, 
which does not mean that all memory cells cannot holdj^momory 
in parallel . The number of defective bits is gradually increased 
due to an error several bits in one chip. 'Ete/error V3tek,i. 

several bits can be hidden so that the^tREF can be substantially 
increased. 

An SDRAM and a DDR SDRAM (DDR : Double Data Rate) -asr^ 
currently major DRAM product sj are ©a^edyan 8-pin chip in which 
8 information input/output terminals exist. A 4-bit check bit 



is added to 8-bit inf ormation^and the ECC for correcting a 1-bit 

error in 12 bits (8 + 4 bits) is mounted to substantially increase 

— theytREF. The memory cells limiting the^tREFjwhose memory holding 
time is shorty exist relatively scatteringly . The possibility 

— that the memory cellsj whose memory holding time is short for 

— 2 bits or more in the 12 bits.may exist is very low. As described 
above, the^tREF is easy to increase. 

In jthe present invention ^described above, 1) in tte. 
parallel test, not only^all bits coincidence but also^l-bit 
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1 



non-coincidencais decided as beinqiawjpluq. The parallel test 
accuming to relieve any defective bitqby the ECC can be conducted . 
2) When executing the test for writing data directly^romjputside 
into parity bits, data is allocated not only to7i>arity bits^ 
but also to data bits to easily execute the test of the ECC 
decoder. 3) When executing the test for directly reading parity 
bits, ^allocation of parity bits and data bits is the same as J* 
the test writing data directly from outside into parity bits. 
At the check of parity bits ^operation can be gtoe^as a general 
DRAM. 4) In the arrangement in the memory array, parity bit 
areas are arranged in the areas in which the reading time is 
slower thanjdata areas. The access speed of the entire DRAM 
chip can be increased. 

The invention^ which have jfbeen made by the present 

Qui*? Luv\ ^j^^cr^f 

inventors a^e^specif ically described above based onjembodiments . 
Ux^present invention is not limited to the above^embodiments^ 
and various modifications can be made without departing from 
i ts^ ^-pose . For example, the ECC structure is not limited to^ 
8 + 4 ^and various methods such as 16+5, 32+6 or 64+7 can be 
considered. The basic ida^^is disclosec^by tefaasa pesteegt . In the 



parallel test, the same data is written into all bits. ' Sfaws ^ 



is also the case^Est^ a data pattern generated in a chip is 



written, and at reading, acceptance or rejection is^uuiUxrU 



a^-^^mromh^the data pattern generated in the chip. Also 
in this case, the basic ictes/\of the present invention in which 
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1-bit non-coincidence is^etee«ted as being a cc op tadyis not changed 
and can be applie d. The present invention can be widely used 
in a semiconductor memory device in which writing and reading 
are perf ormedyike a DRAM, a static RAM and a nonvolatile memory 
device^ such as a flash memory^ and a test method thereof. 

The effects obtained by the representative tyiOTor^iofte 
diooloDod ^ 'the present invention will be simply described 
as follows, A semiconductor memory device has an ECC circuit 
capable of correcting, from an m-bit information code and an 

JL& 

n-bit check codeystored in an information storing part, an error 
of the information code to x bitsjfjand^a parallel test circuit 
for receiving an information code and a check code foi^test 

JUfeS^^I^ a^eJU^^w^ in the information storing part and 
doaidife^a defect with &sse x+1 bits or more ere bcitt^ def ective . 
It is possible to obtain a semiconductor memory device mounting 
the ECC which enables an efficient test with high accuracy^ 
a simplified structure. 

A teSt ^ |^ o d of a semicon ductor memory device having 
an ECC circuitj^capable of correcting, from an m-bit information 
code and an n-bit check code stored in an information storing 
part, an error of the information code to x bitsj and a test 
circuit for receiving an information code and a check code in 
the information storing part, wherein an information code and 
a check code for^test with the same bits are stored in the 
information storing part, the stored information code and check 
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code for (test are transmitted to the test circuit, and^a defect 
with tetee x+1 bits or more for one piece of position information 
is j dgcidad qj b^-ing defective. An efficient test is enabled 
with high accuracy fes^a simplified structure. 



